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KNOCK DETECTION DEVICE 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a knock 
detection device for an internal combustion engine and, 
more particularly, to a knock detection device capable of 
rapidly and accurately detecting heavy knock. 

10 2. Description of the Related Art 

When applying a newly developed automotive 
internal combustion engine to an actual automobile, work 
known as conformance work becomes necessary in order to 
determine optimum values of parameters (fuel injection 

15 amount, ignition timing, valve open/close timing, etc. ) 

to be programmed into an engine control computer, by 
actually running the internal combustion engine under the 
various driving conditions that the engine is expected to 
encounter in actual driving situations. 

20 If all of the conformance work is to be 

performed manually, many hours (man-hours) will be 
required; in view of this, the following method is 
proposed to automate the work for computing the knock 
detection threshold . 

25 Figure 1 is a functional diagram of a test 

setup for implementing the prior art knock detection 
method. The cylinders in the internal combustion engine 
10 are provided with pressure sensors 101 to 104 (in the 
case of a four-cylinder engine) for measuring the 

30 internal pressure of the corresponding cylinder. 

The cylinder pressures measured by the pressure 
sensors 101 to 104 are collected into a high-speed data 
logger 12 via an amplifier circuit 11. The high-speed 
data logger 12 also collects data on the crankshaft angle 

35 of the internal engine. 

The data collected by the data logger 12 is 
transferred to a cylinder pressure analyzing personal 
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computer 13 which computes the threshold value for knock 
detection. 

Here, to determine an optimum threshold value, 
the cylinder pressures must be detected, for example, for 
5 about 10 seconds (several hundred cycles), and the 
results must be processed. 

There has also been proposed a method that 
determines, based on cylinder pressure and load 
information, whether knock has or has not occurred 
10 (refer, for example, to Japanese Unexamined Patent 

Publication No. 2001-32744). 

If the magnitude of the knock is large (a heavy 
knocking condition), a knock suppression measure 
involving, for example, reducing the spark advance angle, 
15 or retarding the intake valve open/close timing, must be 
applied immediately since such knock can lead to 
mechanical damage to the internal combustion engine; 
however, with the prior art knock detection method which 
takes about 10 seconds to determine the threshold value, 
20 if heavy knock occurs before the threshold value is 

determined, mechanical damage to the internal combustion 
engine is unavoidable. 

SUMMARY OF THE INVENTION 

The present invention has been devised in view of 
25 the above problem, and an object of the invention is to 

provide a knock detection device that not only can detect 
knock accurately and automatically, but also can detect 
heavy knock quickly. 

To achieve the above object, according to a first 
3 0 aspect of the present invention, there is provided a 

knock detection device comprising: cylinder pressure 
detecting means for detecting cylinder pressure in an 
internal combustion engine; threshold value computing 
means for computing a knock detection threshold value, 
35 based on cylinder pressures over a plurality of cycles, 
detected by the cylinder pressure detecting means; and 
knock occurrence determining means for determining the 
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occurrence or non-occurrence of knock, based on the 
threshold value computed by the threshold value computing 
means, wherein the knock detection device further 
comprises: maximum cylinder pressure detecting means for 
5 detecting a maximum cylinder pressure in each cycle from 
the cylinder pressures detected by the cylinder pressure 
detecting means; maximum cylinder pressure fluctuation 
detecting means for detecting a maximum cylinder pressure 
fluctuation in each cycle from the cylinder pressures 

10 detected by the cylinder pressure detecting means; and 

heavy knock occurrence determining means for determining 
the occurrence or non-occurrence of heavy knock in a 
given cycle, based on the maximum cylinder pressure 
fluctuation detected by the maximum cylinder pressure 

15 fluctuation detecting means and the maximum cylinder 
pressure detected by the maximum cylinder pressure 
detecting means. 

Preferably, according to a second aspect of the 
present invention, the heavy knock occurrence determining 

2 0 means determines that heavy knock has occurred in a given 
cycle when the maximum cylinder pressure fluctuation 
detected by the maximum cylinder pressure fluctuation 
detecting means is equal to or larger than an n-th 
submultiple of the maximum cylinder pressure detected by 

25 the maximum cylinder pressure detecting means, where n is 

a prescribed value larger than 1. 

Preferably, according to a third aspect of the 
present invention, the larger-than-1 prescribed value to 
be used in the heavy knock occurrence determining means 

30 is set as a function of the number of revolutions of the 

internal combustion engine. 

Preferably, according to a fourth aspect of the 
present invention, there is also included learning means 
for learning the larger-than-1 prescribed value to be 

35 used in the heavy knock occurrence determining means, 
based on past operating conditions and knocking 
conditions • 



- 4 - 

Preferably, according to a fifth aspect of the 
present invention, the maximum cylinder pressure 
detecting means detects a difference between a maximum 
cylinder pressure value and a minimum cylinder pressure 
5 value within each cycle as the maximum cylinder pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present 
invention will be apparent from the following description 
with reference to the accompanying drawings, in which: 
10 Figure 1 is a functional diagram of a prior art 

conformance test setup; 

Figure 2 is a functional diagram of a conformance 
test setup to which a knock detection device according to 
the present invention is applied; 
15 Figure 3 is a flowchart illustrating a conformance 

test routine; 

Figure 4 is a detailed flowchart of a first knock 
detection process; 

Figures 5A, 5B, and 5C are diagrams for explaining a 
20 cylinder pressure fluctuation computing method; 

Figure 6 is a flowchart illustrating a heavy knock 
detection process ; 

Figure 7 is a flowchart illustrating a usual knock 
detection process ; 
25 Figure 8 is a flowchart illustrating a usual knock 

threshold value recomputation process; 

Figure 9 is a flowchart illustrating a heavy knock 
occurrence monitoring routine; and 

Figure 10 is a detailed flowchart of a second knock 
30 detection process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 2 is a functional diagram of a conformance 
test setup to which a knock detection device according to 
the present invention is applied. Cylinder pressure 
35 sensors 201 to 204 are installed in an internal 

combustion engine 20, and the outputs of the cylinder 
pressure sensors 201 to 204 are supplied to the knock 
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detection device 21. 

Knock information output from the knock detection 
device 21 is supplied to a conformance test device 22, 
and test conditions output from the conformance test 
5 device 22 is supplied to an ECU (Electronic Control Unit) 
23. 

Then, the internal combustion engine 2 0 is operated 
in accordance with signals such as ignition timing, valve 
open/close timing, fuel injection timing, etc. output 

10 from the ECU 23. 

Figure 3 is a flowchart illustrating a conformance 
test routine. In step 31, a test condition is set, and 
the operation of the internal combustion engine is 
started. In step 32, knock detection is performed. 

15 In step 33, whether knock has or has not occurred is 

determined based on the result of the knock detection; if 
knock has not occurred, conformance data is collected in 
step 34. 

Then, in step 35, it is determined whether the test 
20 has been completed for all operating conditions; if the 
test is not completed yet, the process returns to step 
31. 

If it is determined in step 35 that the test has 
been completed for all operating conditions , the test 
25 routine is terminated. 

If, in step 33, it is determined that knock has 
occurred, a knock suppression measure involving, for 
example, retarding the ignition timing, is applied in 
step 36, after which the process returns to step 31 and a 
30 new operating condition is set. 

Figure 4 is a detailed flowchart of the knock 
detection process performed by the knock detection device 
of the present invention. In step 41, cylinder pressure 
is measured, and in step 42, cylinder pressure 

35 fluctuation AP is computed. 

Figures 5A, 5B, and 5C are diagrams for explaining 
the method of computing the cylinder pressure 
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fluctuation; here, Figure 5A shows how the cylinder 
pressure fluctuates as the crankshaft angle increases 
from -30° to 120° with top dead center being taken as the 
reference (0°). The cylinder pressure reaches a maximum 
5 Pmax somewhere between 0° to 30°; in the vicinity of the 
maximum pressure Pmax, the cylinder pressure oscillates 
at high frequency. 

Figure 5B is an enlarged view of a portion in the 
vicinity of the peak, solid circles indicating cylinder 

10 pressure sampling points. In the present invention, the 
cylinder pressure fluctuation AP is defined as the 
difference in cylinder pressure between a minimum value 
and its immediately succeeding maximum value, and a time 
series of cylinder pressure fluctuations AP is computed 

15 as shown in Figure 5C. 

Next, in step 43, heavy knock detection is 
performed . 

Figure 6 is a flowchart illustrating the heavy knock 
detection process performed in step 43. In step 431, 
2 0 maximum cylinder pressure fluctuation APmax is retrieved 
from the time series of cylinder pressure fluctuations 
AP. Here, the values of the maximum pressure Pmax and 

the maximum cylinder pressure fluctuation APmax are as 
shown in Figure 5A. 

2 5 Next, in step 4 32, the ratio R between the maximum 

cylinder pressure fluctuation APmax and an n-th 
submultiple of the maximum pressure Pmax is computed, 
after which the routine is terminated. Here, n is set as 
a constant value based on experience but, alternatively, 

30 it may be set as a function of the number of revolutions 

of the internal combustion engine. For example, n can be 
set to 100 when the number of revolutions is 1000 rpm, 
and to 3 when the number of revolutions is 6000 rpm. 

Provisions may also be made to be able to change the 

35 threshold value for heavy knock detection by multiplying 
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the preset value of n by a. Furthermore, the value of n 
may be corrected in accordance with the knocking 
conditions detected in the previous cycle of the 
conformance test, and the thus corrected value may be 
5 used in the next cycle of the conformance test. 

Turning back to the detailed flowchart of the knock 
detection process in Figure 4, the occurrence or non- 
occurrence of heavy knock is determined in step 44 based 
on the result of the heavy knock detection process. More 

10 specif ically, if the ratio R between the maximum cylinder 

pressure fluctuation APmax and the n-th submultiple of 
the maximum pressure Pmax, computed in the heavy knocking 
detection process, is 1.0 or larger, it is determined 
that heavy knock has occurred, but if the ratio R is 

15 smaller than 1.0, it is determined that heavy knock has 
not occurred. 

If the answer in step 44 is Yes, that is, if it is 
determined that heavy knock has occurred, the routine is 
immediately terminated, and the process proceeds to step 

20 33 in the conformance test routine of Figure 3. 

When heavy knock is detected, the answer in step 33 
is also Yes, so that the routine immediately proceeds to 
step 36 to perform the knock suppression process; in this 
way, the knock can be suppressed before damage is caused 

25 to the internal combustion engine 20. 

When heavy knock is not detected, the answer in step 
44 in the first knock detection process is No, and the 
process proceeds to step 45 to perform the usual knock 
detection, after which the usual knock detection 

30 threshold value is recomputed in step 46. 

Then, in step 47, it is determined whether the 
threshold value has settled before and after the 
recomputation; if it has not settled, the process returns 
to step 45. On the other hand, if it is determined that 

35 the threshold value has settled, the routine is 

terminated. 
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The process of usual knock detection and the 
recomputation of the usual knock detection threshold 
value can be performed using known methods; for example, 
the following methods may be used. 
5 Figure 7 is a flowchart illustrating the usual knock 

detection process performed in step 45 in the knock 
detection processing routine. First, in step 451, the 
average value APm and standard variation a of cylinder 
pressure fluctuations AP are computed. 

10 Next, in step 452, APm+3a is set as a first 

threshold value TH1, and APm is set as a second 
threshold value TH2 . 

In step 453, it is determined whether the maximum 
cylinder pressure fluctuation APmax is greater than the 

15 first threshold value TH1 and, in step 454, it is 

determined whether the number, n, of cylinder pressure 
fluctuations AP that are greater than the second 
threshold value TH2 is larger than a predetermined 
number, for example, 5. 

20 If the answers in steps 453 and 454 are both Yes, it 

is determined in step 455 that knock has occurred. On 
the other hand, if the answer in at least either one of 
steps 453 and 454 is No, then it is determined in step 
456 that the cylinder pressure fluctuation AP is due to 

25 noise. 

Figure 8 is a flowchart illustrating the usual knock 
detection threshold value recomputation process performed 
in step 4 6 in the knock detection processing routine. In 
step 461, the first and second threshold values TH1 and 

30 TH2 are recomputed using the cylinder pressure 
fluctuation determined as being due to noise. 

Then, in the knock detection process, if the first 
and second threshold values TH1 and TH2 substantially 
agree with the recomputed values, it is determined that 

35 the process has settled, and the knock detection process 



- 9 - 



is terminated. 

Turning back to the conformance test routine of 
Figure 3, it is determined in step 33 whether knock has 
or has not occurred; if the answer is Yes, the routine 
5 proceeds to step 36 to perform the knock suppression 
process, after which the routine returns to step 31. 

If the answer in step 33 is No, the routine proceeds 
to step 34 where the operating state of the internal 
combustion engine is collected as conformance data. 
10 Next, it is determined in step 35 whether the test has 

been completed for all operating conditions; if the test 
is not completed yet, the process returns to step 31, to 
continue the conformance test by changing the test 
condition. 

15 The present invention requires that the cylinder 

pressure be detected at predetermined intervals of time 
or at predetermined rotation angle but, as the detection 
cycle is shortened, the load of the conformance test 
device increases; accordingly, the optimum detection 

2 0 cycle must be determined that matches the capability of 
the conformance test device. 

Further, in the case of a four-stroke internal 
combustion engine, it is desirable to detect cylinder 
pressure over the entire crankshaft angle range of 0° to 

25 720°, but the cylinder pressure may be detected over a 

predetermined range, for example, ±180°, centered about 
top dead center in order to reduce the load of the 
conformance test device; to further reduce the load, the 
cylinder pressure may be detected over a range of, for 

30 example, top dead center to 90°, where the maximum 

cylinder pressure Pmax and the maximum cylinder pressure 
fluctuation APmax can be computed. 

Here, the maximum cylinder pressure Pmax is computed 
as the difference between the maximum and minimum values 

35 of the detected cylinder pressures. 

Further, in heavy knocking conditions, as the 
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cylinder pressure fluctuation increases, it is desirable 
to compute the maximum cylinder pressure Pmax based on a 
signal obtained by filtering the output of the pressure 
sensor by a low-pass filter; this ensures accurate 
5 computation of the maximum cylinder pressure Pmax. 

Furthermore, when a peak hold circuit is inserted 
after the pressure sensor, the maximum and minimum values 
of the detected cylinder pressures can be detected by 
hardware means, which helps to reduce the load of the 
10 conformance test device. 

Depending on operating conditions, there are cases 
where heavy knock cannot occur; in such cases, monitoring 
for the occurrence of heavy knock may be omitted. 
In the above embodiment, monitoring for the 
15 occurrence of heavy knock is not performed when the 

routine is executing the usual knock detection process, 
the usual knock detection threshold value recomputation 
process, or the conformance data collection process. 
In a second embodiment in which the heavy knock 
20 occurrence monitoring is performed constantly throughout 
the conformance test, the heavy knock occurrence 
monitoring routine must be made independent of the 
conformance test routine. 

Figure 9 is a flowchart illustrating the heavy knock 
25 occurrence monitoring routine which is performed in 

parallel with the conformance test routine in accordance 
with the second embodiment. First, in step 91, cylinder 
pressure is measured. 

Then, in step 92, cylinder pressure fluctuation AP 
30 is computed, and in step 93, heavy knock detection is 

performed, the details of which are the same as 
previously described. 

If it is determined in step 94 that heavy knock has 
occurred, the knock suppression process is performed in 
35 step 95, after which the routine is terminated. 

On the other hand, if it is determined in step 94 
that heavy knock has not occurred, the routine is 
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immediately terminated. 

Figure 10 is a detailed flowchart of a second knock 
detection process to be applied in the second embodiment; 
the process is the same as the first knock detection 
5 process except that steps 43 and 44 are omitted. 

According to the knock detection device of the 
present invention, heavy knock can be detected accurately 
and quickly without adding any new sensors but by using 
the cylinder pressure sensors used in the prior art knock 

10 detection method. Accordingly, not only can the 

conformance work be done in a short time, but damage to 
the internal combustion engine for which the conformance 
work is being done can be avoided. It is apparent that 
the present invention is also applicable to the detection 

15 of heavy knock that may occur during usual driving. 

According to the knock detection device of the 
present invention, since the occurrence or non-occurrence 
of heavy knock can be determined accurately and quickly 
based on the maximum cylinder pressure and the maximum 

20 value of the high-frequency cylinder pressure fluctuation 
in each cycle detected using the cylinder pressure 
sensors used in the prior art knock detection method, a 
knock suppression measure can be applied immediately upon 
the occurrence of heavy knock, thus preventing damage to 

2 5 the internal combustion engine. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiment is 
therefore to be considered in all respects as 

30 illustrative and not restrictive, the scope of the 

invention being indicated by the appended claims rather 
than by the foregoing description and all changes which 
come within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 



